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METHOD AND APPARATUS FOR PROTECTING A 
MAGNETIC DISK FROM ELECTROSTATIC CHARGE 



This application claims the priority under 35 U.S.C. 
§119 of provisional application number 60/425,930 filed 
November 12, 2002. 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to information 
storage cartridges and, more particularly, to techniques 
for avoiding a buildup of electrostatic charge on an 
information storage medium disposed in such a cartridge. 
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BACKGROUND OF THE INVENTION 

Over the past twenty years, computer technology has 
evolved very rapidly. One aspect of this evolution has 
been a progressively growing demand for increased storage 
capacity in memory devices. In order to provide a high 
storage density at a reasonable cost, one of the most 
enduring techniques has been to provide a rotatable hard 
disk with a layer of magnetic material thereon, and a 
read/write head which is supported for movement adjacent 
the disk and can transfer information to and from the 
disk . 

In an arrangement of this type, if airborne dust, 
smoke, vapors or other contaminants are present, they can 
be attracted to the disk by any electrostatic charge that 
may be present on the disk. Then, because the head is 
disposed closely adjacent to the disk during normal 
operation, the contaminants can be transferred to and 
progressively build up on the head. Eventually, the 
buildup of contaminants will be sufficient to interfere 
with the interaction between the head and disk, thereby 
increasing the error rate until the device will not 
operate . 

In order to avoid this problem, most hard disk 
drives have the disk and head disposed within a sealed 
enclosure, so that the disk and head are not exposed to 
whatever airborne contaminants may happen to be present 
externally of the enclosure. This approach works well 

where the entire hard disk drive device is permanently 
installed in a computer. In other types of systems, 
however, a hard disk is provided within a removable 
cartridge, and it is desirable that the cartridge not 
include the read/write head. 
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In this regard, there are advantages to placing a 
head stack assembly (HSA) and its support structure 
within the drive which receives the cartridge, rather 
than in the cartridge. For example, a typical user will 
5 have several removable cartridges for each drive. Thus, 

in terms of overall system cost, it is cheaper to provide 
one head stack assembly with support which is in the 
drive, rather than to provide several head stack 

assemblies with support which are each disposed in a 
10 respective one of the many cartridges used with the 

drive. However, in removable cartridges, there is a 
problem in regard to keeping the head clean. 

More specifically, in order to permit the head from 
the drive to access the disk within the cartridge, the 
15 cartridge is not provided with a sealed enclosure of the 

type discussed above. Instead, the cartridge is provided 
with an opening through which the head of the drive can 
be inserted into the cartridge. In some cases, a movable 
shutter is provided in order to obstruct the opening when 
20 the cartridge is not in the drive. However, when the 

cartridge is in the drive, the shutter moves to an open 
position. Thus, regardless of whether or not a shutter 
is present, when the cartridge is in the drive, there is 
an opening which gives the head access to the interior of 
25 the cartridge, and which also necessarily gives ambient 

air access to the interior of the cartridge, along with 
any dust, smoke, vapor or other contaminants that are 
carried by the ambient air. 

Moreover, removable cartridges tend to be more 
susceptible to the effects of electrostatic charge. This 
is because, when a cartridge is not in a drive and is 
being manually handled, it is usually not in contact with 
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any conductive material that can drain away charge that 
may build up on the exterior surface of the cartridge, 
and manual handling often has a tendency to cause a 
buildup of charge on the exterior surface of the 
cartridge housing. This charge on the exterior surface 
can in turn induce a buildup of charge within the 
housing, including a buildup of charge on the magnetic 
disk . 

Consequently, since charge can build up on the disk 
and since the disk is exposed to contaminants in ambient 
air, the contaminants will tend to be attracted to and 
build up on the disk, and from there they will be 
transferred to and build up on the head during system 
operation. The effect of this contaminant buildup on the 
head can be ameliorated to some extent by keeping the 
storage density in the hard disk of a removable cartridge 
at a relatively low level, in comparison to the levels 
used for hard disks located within sealed enclosures. 
However, as mentioned above, the commercial marketplace 
is exhibiting a strong and progressively increasing 
demand for high-density storage in a removable cartridge. 
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SUMMARY OF THE INVENTION 

From the foregoing, it may be appreciated that a 
need has arisen for techniques that are effective in 
reducing or avoiding the buildup of charge on an 
information storage medium disposed within a housing of 
information storage cartridge. One form of the present 
invention involves an apparatus having a removable 
cartridge which includes an information storage medium, 
and a housing with the information storage medium movably 
supported therein. The housing is configured so that, if 
electrostatic charge is present on an exterior surface 
thereof, the information storage medium will be 
substantially free of induced charge. 

A different form of the invention involves a method 
of making a removable cartridge which includes a housing 
having an information storage medium movable supported 
therein. The method includes configuring the housing so 
that, if electrostatic charge is present on an exterior 
surface of the housing, the information storage medium 
will be substantially free of induced charge. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

An explanation of the present invention is provided 
in the detailed description which follows, with reference 
to the accompanying drawings, in which: 

FIGURE 1 is a diagrammatic central sectional view of 
an apparatus which is a removable information storage 
cartridge, and which embodies aspects of the present 
invention; 

FIGURE 2 is a diagrammatic central sectional view of 
a removable information storage cartridge which is an 
alternative embodiment of the cartridge of FIGURE 1, and 
which embodies aspects of the present invention; and 

FIGURE 3 is a diagrammatic central sectional view of 
a removable information storage cartridge which is a 
further alternative embodiment of the cartridge of 
FIGURE 1, and which embodies aspects of the present 
invention . 
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DETAILED DESCRIPTION 

FIGURE 1 is a diagrammatic central sectional view of 
an apparatus which is a removable information storage 
cartridge 10, and which embodies aspects of the present 
invention. The cartridge 10 has a housing which includes 
a top shell 12 and a bottom shell 13 that are fixedly 

coupled to each other. For example, the shells 12 and 13 
may be coupled by not-illustrated screws, or in some 

other suitable manner. The shells 12 and 13 are each 
made of a dissipative plastic of a known type. However, 
the shells 12 and 13 could alternatively be made of a 
conductive plastic of a known type, or a conductive 

metal. The bottom shell 13 has a wall 16 with a central 
opening 17 through it. Further, the shell 13 has a 
circumferential projection 18, which extends downwardly 
from the peripheral edges of the wall 16. 

An electrically conductive metal plate 21 has its 
peripheral edges fixedly secured in any suitable manner 
to the lower end of the circumferential projection 18. 
For example, the plate 21 can be secured to the 

projection 18 with a known epoxy adhesive which is 
electrically conductive, or by not-illustrated mechanical 
cooperation of the shell 13 and plate 21 which provides 
electrical conductivity between them. The top surface of 
the plate 21 is spaced from the bottom surface of the 
wall 16, and the plate 21 has a vertical opening 22 
through a central portion thereof. The opening 17 
through the bottom shell 13 is slightly larger than the 
opening 22 through the plate 21. In the embodiment of 
FIGURE 1, the plate 21 is made of aluminum, but it would 
alternatively be possible to make the plate from some 
other electrically conductive material. 
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An electric motor 26 has its lower end fixedly 
mounted in the opening 22 through the plate 21, for 
example by a known epoxy adhesive which is electrically 
conductive, or by not-illustrated mechanical cooperation 
5 between the motor 26 and plate 21 which provides 

electrical conductivity between them. The motor 26 

includes a hub 27, which is rotated by the motor 26. A 
circular disk 28 is fixedly mounted on the hub 27, so as 
to be concentric with the axis of rotation of the hub 27. 

10 It will be noted that the openings 17 and 22 are aligned 

with each other, and are aligned with the axis of the 
disk 28. The disk 28 is effectively disposed within a 
chamber in the housing of the cartridge 10. The disk 28 
includes a rigid substrate which is not separately 

15 depicted, and which is made of a known material such as 

aluminum, glass, plastic, or embossed plastic. The disk 
28 also includes, on one or both sides of the substrate, 
a layer of a known magnetic material which can store 
digital information. 

2 0 The cartridge 10 can be removably inserted into a 

drive of a known type, which is not illustrated and 
described in detail. The drive has a not-illustrated 
movable arm, which supports a not-illustrated magnetic 
read/write head. The magnetic head can write information 

25 to and/or read information from the magnetic layer 

provided on one side of the disk 28. The housing defined 
by the shells 12 and 13 has a not-illustrated opening, 
which allows the magnetic head and a part of the arm to 
enter the housing when the cartridge 10 is inserted into 

3 0 the drive, so that the magnetic head can access the disk 

28. Due to the presence of this opening, it is possible 
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for airborne contaminants such dust and smoke particles 
to enter the cartridge 10. 

When the cartridge 10 is not inserted in a drive, 
activity such as manual handling of the cartridge can 
5 cause electrostatic charge to build up on the exterior of 

the cartridge. In pre-existing cartridges, this static 

charge on the exterior of the housing can cause an 
inductive buildup of charge on the disk disposed within 
the cartridge. To the extent that charge forms on the 

10 disk of a pre-existing cartridge, it will attract 

airborne contaminates such as dust and smoke particles. 
These contaminants are then transferred to the read/write 
head during normal operation, where they will eventually 
produce errors in the data being written to and read from 
15 the disk, including nonrecoverable errors. 

In contrast, in the cartridge 10 of FIGURE 1, 
inductive charging of the disk 2 8 is avoided by the 
configuration of the housing, including the shells 12 and 
13 and the plate 21. As a result, to the extent that any 
2 0 charge may develop on the exterior of the housing, it 

will not induce a formation of charge on surfaces of the 
disk 28. FIGURE 1 diagrammat ically shows an exemplary 
situation in which positive charge has developed on the 
exterior of the housing, as indicated by a plurality of 
25 " + " symbols. FIGURE 1 also reflects that this positive 

charge on the exterior of the housing has not resulted in 
inductive charging of the disk 28. Consequently, the 
disk 2 8 does not have a charge which would tend to 
actively attract airborne particles that may enter the 
30 housing of the cartridge 10 . 

FIGURE 2 is a diagrammatic central sectional view of 
a cartridge 110 which is an alternative embodiment of the 
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cartridge 10 of FIGURE 1. The following discussion 
focuses on differences between these two cartridges. In 
FIGURE 2, the cartridge 110 has a housing which includes 
a top shell 112 and a bottom shell 113 . These two shells 

112 and 113 are each made from an electrically insulative 
plastic material, but could alternatively be made from 
some other type of insulative material. The bottom shell 

113 has an opening 117 through a central portion thereof. 
An electrically conductive plate 121 is provided within 
the bottom shell 113. 

In the embodiment of FIGURE 2, the plate 121 is made 
from aluminum, but it would alternatively be possible to 
make the plate 121 from some other electrically 
conductive material. Moreover, the plate 121 could 
alternatively be made from a dissipative material . The 
plate 121 has a central opening 122, which is aligned 
with the central opening 117 through the shell 113. The 
bottom shell 113 has a shallow annular recess 123 which 
is disposed beneath the plate 121, so as to create a gap 
between the material of the plate 121 and the material of 
the shell 113. 

The removable cartridge 110 does not include a 
motor. Instead, a motor is provided in the not- 
illustrated drive that can removably receive the 
cartridge 110. When the cartridge 110 is inserted into 
the drive, the motor of the drive can, through the 
openings 117 and 122, operatively engage and rotate a hub 
127 provided within the housing of cartridge of 110. The 
disk 28 is mounted on the hub 127. 

The cartridge 110 also includes an aluminum plate 
136, which is electrically conductive, and which is 
provided within the top shell 112 near a top wall of the 
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top shell 112, above the hub 12 7 and the disk 12 8. The 
plate 136 could alternatively be made of a dissipateive 
material. The top wall of the shell 112 includes a 
shallow recess 137, which creates a gap between the 
material of the shell 112 and most of the material of the 
plate 136. The plates 121 and 136 are electrically 
coupled by an aluminum coupling strip 141. 
Alternatively, the plates 121 and 136 could be 
electrically coupled in some other manner, for example by 
metal screws that also serve to secure the shells 112 and 
113 to each other. 

The configuration of the housing of cartridge 110 
avoids a buildup of induced charge on the disk 28, even 
if static charge develops on the exterior of the housing. 
For example, as reflected by " + " and symbols in 
FIGURE 2, charge on the exterior of the housing can 
induce charge on the outer sides of the plates 121 and 
136, but the region between the plates 121 and 136 will 
be protected from induced charge. Thus, the disk 28 will 
not develop any significant induced charge which would 
tend to attract airborne contaminants that could degrade 
or prevent proper operation of the cartridge 110. 

FIGURE 3 is a diagrammatic central sectional view of 
a cartridge 210 which is a further alternative embodiment 
of the cartridge 10 of FIGURE 1. The following 
discussion addresses primarily the differences between 
the cartridges 10 and 210. The cartridge 210 has a 
housing which includes a top shell 212 and a bottom shell 
213. The top shell 212 is made of an electrically 
dissipative material, such as a dissipative plastic, but 
could alternatively be made of an electrically conductive 
material. The bottom shell 213 is made of an 
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electrically insulative material, such as an insulative 
plastic, and has an opening 217 through a central portion 
of a bottom wall thereof. 

An electrically conductive plate 221 has a 

peripheral edge which is disposed between the top and 

bottom shells 212 and 213, and has an opening 222 through 

a central portion thereof. The plate 221 is made of 

aluminum, but could alternatively be made of some other 
electrically conductive material, or from a dissipative 
material. A hub 227 is rotatably disposed within the 

housing, and the disk 28 is fixedly coupled to the hub 

227. When the cartridge 210 is removably inserted into a 
drive, a motor in the drive can operationally engage and 
effect rotation of the hub 227 and disk 28. 

The housing of the cartridge 210 is configured so 
that, if an electrostatic charge builds up on the 
exterior thereof, it will not induce the formation of a 
charge on the disk 28. For example, FIGURE 3 has and 

symbols which indicate one possible charge 
distribution. In particular, negative charge has built 
up on the exterior of the housing, and has induced a 
positive charge on the bottom side of the plate 221. 
However, the disk 28 is free of induced charge that would 
tend to attract airborne particles. A gap 251 is present 
below the underside of the plate 221 and above the bottom 
wall of the shell 213. To the extent that charge does 
happen to build up, charge present in the gap 251 will 
tend to attract dust and other airborne particles, 
thereby serving as a form of dust trap. 

The present invention provides a number of 

advantages. One such advantage results from the 

provision of a removable information storage cartridge 
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with a housing configured to minimize or avoid the 
formation of induced charge on an information storage 
medium disposed within the housing. This in turn reduces 
the extent to which the information storage medium will 
attract airborne contaminants that can in turn be 
transferred to and build up on a read/write head. As a 
result, the information storage medium can be used to 
reliably achieve higher storage densities. 

Although selected embodiments has been illustrated 
and described in detail, it will be understood that 
various substitutions and alterations are possible 
without departing from the spirit and scope of the 
present invention, as defined by the following claims. 




